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Predictive factors of mortality in patients with acute mesenteric ischemia. A retrospective study.
AIM: The aim of this retrospective study was to evaluate the impact of some risk factors on mortality in patients with
Acute mesenteric ischemia (AMI).
MATERIALS AND METHODS: From September 2003 to August 2011, 200 patients were operated on for bowel infarction
at our unit: 149 were included in the study. For each patient, socio-demographic (gender and age) and clinical data
(extent of necrosis, predisposing factors, WBC, LDH, comorbidities) were collected from patients’ clinical records.
RESULTS: Of the 149 patients who underwent surgery, 57 (38.3%) died. A significantly higher mortality was associat-
ed with older age (79.9 versus 74.2 years, p < 0.01), higher LDH serum levels (695 versus 636 UI/L, p < 0.01),
higher WBC (25.1 versus 22.5 X 103/mm3; p < 0.01), and extent of necrosis (p< 0.01). Otherwise, there was no cor-
relation between comorbidities and mortality. Finally, multivariate analysis confirmed the significantly higher risk of death
in patients with right colon and massive small bowel infarction (adjOR= 3.58; 95% CI=1.36-9.42) and intestinal per-
foration (adjOR=31.1; 95% CI=2.45-395.7).
DISCUSSION: The results of our study suggest that the contribution of laboratory tests is limited, even if increased index-
es of necrosis (such as LDH) associated with neutrophilic leukocytosis and metabolic acidosis, may help in defining diag-
nosis/prognosis, though with low accuracy. 
CONCLUSIONS: The extent of necrosis and diagnostic delay seem to be the most important prognostic factors even after
adjusting for confounding due to age, presence of comorbidities, and laboratory tests (LDH and WBC). 
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Introduction
Acute mesenteric ischemia (AMI) accounts for approxi-
mately 1% of all causes of acute abdomen, and is asso-
ciated with very poor prognosis. The morality rate is
between 59% and 93% 1,9. 
Incidence increases from the sixth to eighth decade of
life, with a slight prevalence in males. The risk of devel-
oping bowel infarction is significantly higher in patients
with a history of atrial fibrillation and/or myocardial
infarction, in smokers, and in patients suffering from
hypertension 2. Abdominal aortic aneurysm is another
important risk factor 10. 
The general factors affecting the prognosis seem to be
advanced age (> 75 years), extent of necrosis, and recent
major cardiovascular surgery 7,11. The etiology is embol-
ic or thrombotic arterial occlusion in 60-70% of cases12,
non-occlusive ischemia and infarction in 20-30%, and
mesenteric venous thrombosis in 5-10% 13. 
Ann. Ital. Chir.
Published online 20 December 2013
pii: S0003469X13021209
www.annitalchir.com
Multislice computed tomography is a rapid and nonin-
vasive technique that is being increasingly employed for
the early diagnosis of AMI in the emergency unit 14.
Evidence from the literature shows that one of the fac-
tors that contribute to the high mortality rate is the
fact that there is no sensitive and specific laboratory
test for an early diagnosis of bowel infarction, and the
diagnosis is often delayed 1,10,15. Measurement of the
serum enzyme system may offer important clues for a
diagnosis. 10.
The aim of this study was to evaluate two discrete aspects
of the disease: first, the role of lactic dehydrogenase
(LDH) and white blood cell count (WBC) in the diag-
nosis, and, second, the impact of some risk factors on
a quoad vitam prognosis in a series of patients with bow-
el infarction requiring resection. 
Materials and Methods
From September 2003 to August 2010, 200 patients (95
women, 105 men) with bowel infarctions were observed
at the Unit of General and Emergency Surgery of the
P. Giaccone Policlinico Hospital, in Palermo, Italy. All
patients underwent intestinal resection according to the
extent of necrosis. No patient was a candidate for con-
servative treatment (revascularization) because of the late
diagnosis and advanced disease 11. Thus, there only were
cases of overt necrosis. The patients’ average age was
76.4 years, ranging between 36 and 94 years. Nine
patients were excluded because of massive ischemic
necrosis of stomach, bowel, colon, liver or spleen dur-
ing surgical exploration, and died during or immediate-
ly after surgery because no potentially effective treatment
was feasible.
Moreover, 42 cardiac surgery patients were also exclud-
ed from the study since they had non-occlusive mesen-
teric ischemia 16, as confirmed during surgical explo-
ration. The final cohort was composed of 149 patients.
Often, abdominal x-ray was done in the presence of signs
of acute abdomen of uncertain origin. The most fre-
quent signs were reduction or absence of colonic gasifi-
cation, multiple air fluid levels, and distension of the
small bowel and right colon. Ultrasonography sometimes
showed free fluid in abdomen, but did not prove use-
ful for a diagnosis. Multislice computed tomography
(CT) without contrast enhancement was done in 109
patients, contrast-enhanced CT was done in 40.
In addition to gender and age, we collected the follow-
ing data for each patient: extent of necrosis (categorized
as segmental; massive of small bowel, small bowel + right
colon, left colon); comorbidities (hypertension, diabetes
mellitus, ischemic cardiomyopathy, valvular disease, aor-
tic aneurysm, renal failure, portal hypertension); time
between diagnosis and treatment; leukocytosis (white
blood cells [WBC] *103/mm3); and serum lactate dehy-
drogenase (LDH) (as UI/mL).
Leukocytosis was found in all patients at admission, and
ranged from 13.5 to 41 x 10 ^ 3/mL WBC, in agree-
ment with the literature. (11,15,16) Additionally, a sig-
nificant increase in LDH was detected in about 70% of
the patients, again in accordance with the findings of
some studies 10,17.
With the aim of evaluating the delay between onset of
the disease and diagnosis, the patients were classified
in four different stages identified by diagnostic signs of
reference (laboratory tests/suffering of wall/abdominal
fluid/gas). According to signs of disease progression and,
therefore, according to the diagnostic delay, we divid-
ed the patients into the four following groups: Group
1: clinical signs + laboratory tests; Group 2: suffering
of wall; Group 3: abdominal fluid; and Group 4: gas,
which is the stage that already implies intestinal per-
foration.
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TABLE I - Characteristics of the 149 Patients Enrolled in the Study
N=149
Age in years, mean (SD) 76.4 (12.6)
White blood cells/mm3, mean (SD) 23,509 (5,886)
Lactate dehydrogenase UI/L, mean (SD) 658.5 (134.9)
Type of intestinal ischemia, number (%)
segmental bowel ischemia 11 (7.4)
massive small bowel infarction 65 (43.6)
left colon infarction 29 (19.5)
right colon + massive small bowel infarction 44 (29.5)
Diagnostic delay, number (%)
Group 1 6 (4)
Group 2 25 (16.8)
Group 3 89 (59.7)
Group 4 29 (19.5)
Diabetes, number (%)
Yes 82 (55)
No 67 (45)
Hypertension, number (%)
Yes 96 (64.4)
No 53 (35.6)
Aortic aneurysm, number (%)
Yes 16 (10.7)
No 133 (89.3)
Chronic renal failure, number (%)
Yes 25 (16.8)
No 124 (83.2)
Portal hypertension, number (%)
Yes 12 (8.1)
No 137 (91.9)
Ischemic cardiomyopathy, number (%)
Yes 26 (17.4)
No 123 (82.6)
Cardiac valvulopathy, number (%)
Yes 6 (4)
No 143 (96)
STATISTICAL ANALYSIS
All collected data were entered in a database created with
Excel 2007. Absolute and relative frequencies were cal-
culated for qualitative variables, while quantitative vari-
ables were summarized as mean ± standard deviation,
median (interquartile range). Categorical variables were
analyzed using a chi-square test (Mantel-Haenszel) or
Fisher’s exact test. For quantitative variables the normal
distribution was verified by the Shapiro-Wilk test for
normality. Mean ± standard deviation data were com-
pared with the Student t-test. Odds ratios (OR) and
95% confidence intervals (CI) were computed using
unconditional logistic regression. All variables showing a
statistically significant association (p<0.05) with mortal-
ity were considered for inclusion in a backward stepwise
logistic-regression analysis. Measures of goodness of fit were
calculated to compare logistic regression models by using
Akaike’s information criterion (AIC), and the model with
the lowest AIC was considered the best fit. All data were
analyzed using the R statistical software package.
Results
The characteristics of the 149 patients enrolled in the
study are reported in Table I. Table II shows the uni-
variate analysis of patient characteristics for deceased ver-
sus surviving patients. Older age, increased WBC and
LDH levels, type of intestinal ischemia, diagnostic delay,
and presence of aortic aneurysm were significantly asso-
ciated with patient mortality. Otherwise, WBC and LDH
levels were not associated with type of intestinal ischemia
(Fig. 1).
Finally, as shown in Table III, multivariate analysis con-
firmed the significantly higher risk of death in patients
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TABLE II - Univariate analysis of characteristics of deceased versus surviving patients.
Deceased patients Surviving patients p-value
(N=57) (N=92)
Age in years, mean (SD) 79.9 (9.2) 74.2 (13.9) <0.01
White blood cells*103/mm3, mean (SD) 25,123 (56,725) 22,509 (5,086) <0.01
Lactate dehydrogenase UI/L, mean (SD) 694.8 (135.3) 635.9 (130.4) <0.01
Type of intestinal ischemia, number (%)
segmental bowel ischemia 0 (0) 11 (100) <0.01 
massive small bowel ischemia 21 (32.3) 44 (67.7)
right colon and massive small bowel infarction 24 (54.5) 20 (45.5)
left colon infarction 12 (41.2) 17 (58.6)
Diagnostic delay, number 25 (%)
Group 1 1 (16.7) 5 (83.3) <0.01
Group 2 2 (8) 23 (92)
Group 3 29 (32.6) 60 (67.4)
Group 4 4 (13.8) (86.2)
Diabetes, number (%)
Yes 35 (42.7) 47 (57.3) 0.29
No 22 (32.8) 45 (67.2)
Hypertension, number (%)
Yes 40 (41.7) 56 (58.3) 0.33
No 17 (32.1) 36 (67.9)
Aortic aneurysm, number (%)
Yes 11 (68.8) 5 (31.3) 0.02
No 46 (34.6) 87 (65.4)
Chronic renal failure, number (%)
Yes 45 (36.3) 79 (63.7) 0.38
No 12 (48) 13 (52)
Portal hypertension, number (%)
Yes 3 (25) 9 (75) 0.50
No 54 (39.4) 83 (60.6)
Ischemic cardiomyopathy, number (%)
Yes 13 (50) 13 (50) 0.26
No 44 (35.8) 79 (64.2)
Cardiac valvulopathy, number (%)
Yes 0 (0) 6 (100) 0.12
No 57 (39.9) 86 (60.1)
with right colon and massive small bowel infarction
(adjOR=3.58; 95% CI=1.36-9.42) and intestinal perfo-
ration (adjOR=31.1; 95% CI=2.45-395.7). 
Discussion
The peculiar pathophysiological changes in acute intesti-
nal ischemia are systemic inflammatory response syn-
drome, bacterial translocation and reperfusion injury.
These conditions, provoking damage in intestinal micro-
circulation, exacerbate tissue ischemia. The increased cap-
illary permeability, as a response to inflammation, and
the destruction of the mucosal barrier induce bacterial
translocation 17-19. Multi-organ failure with hepatic, car-
diac and pulmonary involvement may appear in the final
stage 3. Mucosal damage and increased capillary perme-
ability are found in the areas where the necrosis is incom-
plete (i.e, primarily in non-occlusive ischemia) 29. This
is a result of the restoration of circulation, which prompts
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Fig. 1: LDH and WBC as
predictors of the type of
intestinal ischemia
TABLE III - Logistic regression analysis of factors associated with patient mortality.
Adjusted OR (95% CI) Adjusted p-value
Age in years, mean (SD) 1.02 (0.98-1-06) 0.31
White blood cells*103/mm3, mean (SD) 1.02 (0.94-1.1) 0.69
Lactate dehydrogenase UI/L, mean (SD) 1.01 (0.99-1.011) 0.20
Type of intestinal ischemia, number (%)
segmental bowel ischemia or massive small bowel ischemia referent
right colon and massive small bowel infarction 3.58 (1.36-9.42) 0.01
left colon infarction 2.16 (0.7-6.61) 0.18
Diagnostic delay, number (%)
Group 1 referent
Group 2 0.56 (0.04-8.5) 0.67
Group 3 2.73 (0.26-28.5) 0.40
Group 4 31.12 (2.45-395.7) 0.008
Aortic aneurysm, number (%)
No referent
Yes 2.64 (0.63-11.1) 0.18
the release of free radicals, with subsequent damage to
the intestinal wall 18. 
The progression to advanced clinical and pathological
stages (peritonitis, perforation) dramatically reduces life
expectancy 15. Thus the extreme seriousness of intestinal
infarction must be constantly stressed, since its insidious
clinical features can delay diagnosis. In most cases, such
information as patient history, clinical examination, lab-
oratory tests, and CT scan signs have to be examined
in order to arrive at a correct diagnosis.
The results of our study suggest that the contribution
of laboratory tests is limited, even if increased indexes
of necrosis (such as LDH) associated with neutrophilic
leukocytosis and metabolic acidosis, may help in defin-
ing diagnosis/prognosis, though with low accuracy 21. In
this sense, LDH and WBC have not been associated
with the extent of necrosis or, on multivariate analysis,
patient mortality.
Even instrumental tests seem to be limited. According
to the literature 3,4 diagnosis tests such as ultrasound and
abdominal x-ray have shown little specificity in the diag-
nosis of acute mesenteric ischemia. However, the detec-
tion of air levels can play a very important role in arriv-
ing at a quoad vitam prognosis and, indeed, in our
patients, were correlated with an excess of mortality risk. 
Mortality was also associated with right colon and mas-
sive small bowel infarction. As a consequence, the impor-
tance of an early diagnosis should be stressed, since late
diagnosis often does not allow for a full bowel recovery,
and, once necrosis appears, it precludes acceptable results,
thus triggering multiple organ failure. Overall survival
was significantly better in patients with a segmental
necrosis or a necrosis limited to the small bowel. 
We found no correlation with associated diseases (dia-
betes mellitus, hypertension, aortic aneurysm, chronic
renal failure, portal hypertension, ischemic cardiomy-
opathy, heart valve diseases). 
Conclusion
The extent of necrosis and delay in diagnosis seem to
be the most important prognostic factors, even after
adjusting for confounding due to age, presence of comor-
bidities and laboratory tests (LDH and WBC). We
believe that the keys to increased survival should be con-
sidered an early diagnosis (1) and timely surgery. (3) 
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Riassunto
Scopo del presente studio retrospettivo è valutare
l’impatto di alcuni fattori di rischio sulla mortalità
dell’ischemia mesenterica acuta (AMI).
149 pazienti giunti alla nostra osservazione dal settem-
bre 2003 all’agosto 2011 sono stati reclutati per lo stu-
dio. Per ciascun paziente, sono stati rilevati, dalle car-
telle cliniche, età, sesso, dati clinici (estensione della
necrosi, fattori predisponenti, conta globuli bianchi, valo-
ri di LDH, comorbosità). La mortalità complessiva del
campione è risultata del 38,3%. Un’associazione statisti-
camente significativa è risultata tra questa ed età avan-
zata (79,9 vs. 74,2; p<0,01), elevati livelli sierici di LDH
(695 vs. 636 UI/l), elevata leucocitosi neutrofila (25100
vs. 22500 GB; p<0,01) ed estensione della necrosi
(p<0,01). Peraltro, non è stata trovata associazione tra
comorbosità e mortalità. Infine, l’analisi multivariata ha
dimostrato un elevato rischio di mortalità nei pazienti
con necrosi massiva del piccolo intestino, ancor più se
associata ad interessamento del colon dx. (adj OR = 3,58;
95% CI = 2.45-395.7). 
I risultati dello studio suggeriscono un limitato apporto
diagnostico e prognostico degli esami di laboratorio,
anche se l’associazione di marcato incremento degli indi-
ci di necrosi (LDH), leucocitosi neutrofila ed acidosi
metabolica, possono contribuire a definire la diagnosi e
la prognosi, sebbene con una limitata accuratezza.
L’estensione della necrosi ed il ritardo diagnostico sem-
brano essere i più importanti fattori prognostici, anche
dopo correzione per età, comorbosità e dati di labora-
torio (LDH e WBC). 
References
1. Yikilmaz A, Karahan OI, Senol S, Tuna IS, Akyildiz HY: Value
of multislice computed tomography in the diagnosis of acute mesenteric
ischemia. Eur J Radiol, 2011; 80(2):297-302. 
2. Vokurka J, Olejnik J, Jedlicka V, Vesely M, Ciernik J, Paseka
T: Acute mesenteric ischemia. Hepatogastroenterology, 2008;
55(85):1349-352.
3. Abboud B, Daher R, Boujaoude J: Acute mesenteric ischemia
after cardio pulmonary bypass surgery. World J Gastroentero, 2008;
14 (35):5361-370.
4. Lock G.: Acute intestinal ischaemia. Best Practice & Research
Clinical Gastroenterolog, 2001; 15(1):83-98.
5. Luther B, Moussazadeh K, Muller BT, Franke C, Harms JM,
Ernest S, Sandmann W: Die akute mesenteriale Ischaemie-unverstan-
den oder unheilbar? Zentralbl Chir ,2002; 127(8):674.
6. Schultz W, Salvi FP, Schillaci F, Puzzovio A: Clinica e dia-
gnostica dell’infarto intestinale arterioso. Atti del XXVI Congr. Naz.
S.I.C.U.T. Cortina d’Ampezzo, 17-19 Settembre 1998.
7. Goudet P, Michelin, Rousseau P, Bernard A, Favre JP, Cougard
P: Intestinal infarction: A reappraisal of the factors predictive of oper-
ative mortality. Eu J Surg, 1998; 164(8):593. 
Published online 20 December 2013 - Ann. Ital. Chir. 5
Predictive factors of mortality in patients with acute mesenteric ischemia. A retrospective study
8. Soeren Gartensclaeger, Siegfried Bender, Juergen Maeurer, Ralf
J. Schroeder: Successful percutaneous transluminal angioplasty and
stenting in acute mesenteric ischemia. Cardiovasc Intervent Radiol,
2008; 31:398-400.
9. De Santis L, Brutto AC AO, Ciardo L, Militello C, Terranova
O: L’infarto intestinale nell’anziano. Ann Ital Chir, 2003; 74(3):
255-60.
10. Bjorck M, Troeng T, Bergqvist D: Risk factors for intestinal
ischaemia after aortoiliac surgery: A combined cohort and case-control
study of 2824 operations. Eur J Vasc Endovasc Surg, 1997; 13, 531-
39.
11. Eckstein H-H: Acute mesenteric ischemia. Resection or reconstruc-
tion? Chirurg, 2003; 74(5):419-31.
12. Biondi A, Tropea A, Monaco G, Musmeci N, Calì S, Basile
F: Infarto intestinale. La gestione dei pazienti e i nostri casi clinici.
Ann. Ital Chir, 2010; 81:307-310.
13. Gubitosi A., Docimo G., Avenia N., Ruggiero R., Esposito F.,
Esposito E., Forami f., Agresti M. Thrombosis of the superior
mesenteric vein in association with hormonal contraceptive use. A
case report and review of the literature. Ann. Ital. Chir., 2011;
82:69-74
14. Segatto E, Mortelé KJ, Ji H, Wiesner W, Ros PR: Acute small
bowel ischemia: CT imaging findings. Seminars in Uktrasound, CT,
and MRI, 2003; 24(5)364-75.
15. Jonas J, Böttger T: Diagnosis and prognosis of mesenterial infarct.
Med Klin (Munich) 1994; 89(2):68-72.
16. Bryant DS, Pellicane JV, Davies RS: Nonocclusive intestinal
ischemia: Improved outcome with early diagnosis and therapy. Am
Surg, 1997; 63(4):334-37.
17. Lammers KM, Innocenti G, Venturi, Rizzello F, Helwig GP,
Bianchi G, Pedrini L, Di Nino G, Gionchetti P, Campieri M: The
effect of transient intestinal ischemia on inflammatory parameters. Int
Colorectal Dis, 2003, 18:78-85. 
18. Zhang FX, Ma BB, Liang GZ, Zhang: Analysis of serum enzyme
levels in a rabbit model of acute mesenteric ischemia. Mol Med Report,
2011; 4(6):1095-99. doi: 10.3892/mmr.2011.553. Epub 2011 Aug
12. 
19. Zuccon W, Creperio G, Paternollo R, Iamele A, Pagani, Bianchi
M, Bernardin E, Familiari G: Diagnosi precoce nell’ischemia mesen-
terica acuta. Casistica e revisione clinica. Ann Ital Chir, 2010; 81:183-
92.
20. Mesina C, Vasile I, Pasalega M, Calota F, Vîlcea D: Acute
mesenteric ischemia. Chirurgia (Bucur) 2008; 103(4):385-94.
21. Tealdi DG., Casana R., Nano G: Ischemia intestinale e colite
ischemica nella chirurgia dell’aorta sottodiaframmatica. Ann Ital Chir;
2004; 75(2)173-80.
N.C. Paladino, et al.
6 Ann. Ital. Chir. - Published online 20 December 2013
